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Abstract

Students at the lower level of education find leagnelementary mathematics quite
challenging and daunting. However, learning matheosais a mandatory prerequisite
towards learning other subjects at school. It hasmobserved that the use of computer
programs in teaching elementary mathematics as @oenpAided Instruction (CAl)
stimulates student learning and increase their uside@ding. This paper studies the use
of Visual Basic.Net to simulate elementary math@saf program that could be used
as CAl is developed. The proposed application ¥ssal Basic 2010 to model and
simulate some elementary mathematics, such astaimeous and quadratic equations
and mean, variance and standard deviation. To ttesteffectiveness of the program in
meeting its objectives, an experiment was performégreby a class of Junior
Secondary Students 2 (JSS2) was split into twopgroan experimental group and a
control group. A pre-test was carried out to enstire equivalence of the two groups.
The pretest result shows no significant differemcéhe performance level of the two
groups. The experimental group was then taughteleenentary topics: simultaneous
and quadratic equations and mean, variance anddsteth deviation while the control
group was taught with the classical method of te@aghmathematics. A post-test was
conducted to measure the effectiveness of the pedpapplication in meeting its
objectives. The results revealed a significant iobplae application has in boosting
mathematical performance of the students. This eiany mathematics simulation
software used in teaching will go a long way inmstiating students’ interest and
increasing their performance in elementary mathecsat

Keywords: Simulation, modeling, visual basic, mathematics.

Introduction

Simulation has been defined as the imitation ofdperation of a real-world process or system
over time to develop a set of assumptions of mattieal, logical and symbolic relationships
between the entities of interest and of the systesstimate the measures of performance of the

system with the simulation-generated data (Bankss@ Il, Nelson & Nicol, n.d.). The use of
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simulation as an analysis tool for predicting tffeas of the changes to existing systems and as a
design tool to predict the performance of new systdas also been reported by Barétsal
(n.d.). When we represent a system for the purpbstudying the system, we referred to that as
modeling (Bankst al, n.d.). With a model, we simplify a system suéfitly detailed to enable

valid conclusions to be drawn about the real syg@amkset al, n.d.).

Computer simulation is a powerful alternative apgioto solve elementary mathematics using a
high level programming language of choice. Simalatis a very useful research tool and is a
legitimate, disciplined approach to scientific istrgation. Its value needs to be recognized and
appreciated. Simulation analysis offers a variétgemefits: it can be useful in developing theory
and in guiding empirical work. It can provide insignto the operation of complex systems and
explore their behavior. It can examine the consece®f theoretical arguments and assumptions
generate alternative explanations and hypothesidest the validity of explanations (Hassztn
al., 2006).

Problem Statement

Students at lower level of education find learnieementary mathematics boring and
cumbersome. They immediately lose interest as ssdahe word ‘mathematics’ is mentioned to
them. Learning mathematics is a mandatory prergguswards learning other subjects in the

school. Hence, learning it becomes a necessary evil
Resear ch Motivation

According to MT, et al, (2014), mathematics software improves studentementary

mathematics performance at different levels. Materal programming involves practical
activities and, therefore, stimulates studentsniegr (Azizu, 2015). When it comes to solving
complex mathematical problems, the application igbrous analytical techniques is time
consuming and limited (Azizu, 2015). Computatiom ¢ applied for much complex problems
with the present efficiency of hardware and sofev@iHassanet al, 2006). The enhanced
computation speed of the computer will enable stteléo explore more complex and difficult

problems for their learning (Azizu, 2015).
Modeling and Simulation

According to Bankset al, (n.d.), simulation is appropriate in the follogisituations:
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As a pedagogical device, simulation reinforcesyitasolution methodologies.

Analytic solutions are verified via simulation.

Requirements can be determined by simulating diffecapabilities for a machine.

The modern system is so complex that the intemagtan only be studied via simulation.

The advantages of simulation, according to Baekal, (n. d.), include:

a.

b.

d.

Simulation can also be used to study systems idekign stage.
Simulation models are run rather than solved.

New hardware designs, physical layouts, transportaystems can be tested without

committing resources for their acquisition.

Hypotheses about how or why certain phenomena @ztube tested for feasibility.

The Models of a System

A model is defined as a representation of a sy$terthe purpose of studying the system (Banks

et al, n. d.). It is necessary to consider only thogeeats of the system that affect the problem

under investigation (Bankst al, n. d.). These aspects are represented in a madel by

definition it is a simplification of the system (Bleset al, n. d.).

Typesof Models

The various types of models are according to Bahls, (n. d.):

a.

b.

The Mathematical or Physical Model

The Static Model

The Dynamic Model

The Deterministic Model

The Stochastic Model

The Discrete Model

The Continuous Model
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a. TheMathematical M odel

In the mathematical model, symbolic notation andhematical equations are used to represent a
system (Bankst al, n. d.).

b. The Static Modd

In the static model, a system at a particular pofritme is represented (Banksal, n. d.). It is

also known as Monte-Carlo simulation (Bameksl, n. d.).
c. TheDynamic Modé

In the dynamic model, systems as they change owerdre represented (Banésal, n. d.). An

example is the simulation of a bank (Baeksl, n. d.).
d. TheDeterministic Model

The deterministic model contains no random varglBankset al, n. d.). It has a known set of
inputs, which will result in a unique set of outpyBankset al, n. d.). An example is the
simulation of the arrival of patients to the dengisthe scheduled appointment time (Baekal,
n.d.).

e. The Stochastic Modd

The stochastic model has one or more random varablinputs (Bankst al, n. d.). Random
inputs lead to random outputs (Ban&sal, n. d.). An example of the simulation of a bank

involves random inter-arrival and service timesr(&set al, n. d.).
2.1.2 Discrete-Event System Simulation

This is the modeling of systems in which the statgable changes only at a discrete set of points
in time (Bankset al, n. d.). The simulation models are analyzed bynemical rather than
analytical methods (Banket al, n. d.). Analytical methods employ the deductigasoning of
mathematics to solve the model (Bardtsal, n. d.). For example, differential calculus can b
used to determine the minimum cost policy for sameentory models (Bankst al, n. d.).
Numerical methods use computational proceduresaemn@uns’, which is generated based on the
model assumptions and observations are collectbé emalyzed and to estimate the true system

performance measures (Bargtsal, n. d.).
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Stepsto be Taken in a Simulation Study

a. Problem formulation: Every study begins with a statement of the problerayided by
policy makers (Bankst al, n. d.). The analyst ensures that it is cleanigarstood (Banks
et al, n. d.). If it is developed by the analyst, pplinakers should understand and agree
with it (Bankset al,, n. d.).

b. Setting objectives and the overall project plan: The objectives indicate the questions to
be answered by simulation (Bangésal, n. d.). At this point, a determination should be
made concerning whether simulation is the apprtgneethodology (Bankst al, n. d.).
Assuming it is appropriate, the overall projectnpkhould include: a statement of the
alternative systems, a method for evaluating tliecé¥eness of these alternatives, the
plans for the study in terms of the number of peapVolved, the cost of the study, and
the number of days required to accomplish eachepbashe work with the anticipated

results (Banket al, n. d.).

c. Mode conceptualization: The construction of a model of a system is probaislynuch
art as science (Banlet al, n. d.). The art of modeling is enhanced by th#ita to
abstract the essential features of a problem, lextsand modify basic assumptions that
characterize the system and to enrich and elabtiratsodel until a useful approximation
results (Bankset al, n. d.). Thus, it is best to start with a simpledel and build toward
greater complexity (Bankst al, n. d.). Model conceptualization enhances thditguaf
the resulting model and increases the confidenabeoinodel user in the application of
the model (Bankst al, n. d.).

d. Data collection: There is a constant interplay between the consrucif model and the
collection of needed input data (Bardtsal, n. d.). Data collection happens at the early

stages (Bankst al, n. d.). Objective kind of data is collected (Raat al, n. d.).

e. Mode trandation: Real-world systems result in models that requirgreat deal of
information storage and computation (Baeksl, n. d.). It can be programmed by using
simulation languages or special purpose simulasoftware (Bankset al, n. d.).

Simulation languages are powerful and flexible (Bszat al., n. d.).
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f. Verified: It pertains to the computer program and checkiegpgrformance (Banlet al,
n. d.). If the input parameters and logical streetand correctly represented, verification

is completed (Bankst al, n. d.).

g. Validated: It is the determination that a model is an adeurapresentation of the real
system (Bankst al, n. d.). This is achieved through the calibratéthe model, which is
an iterative process of comparing the model to actystem behavior and noting the

discrepancies between the two (Baakal, n. d.).

h. Experimental design: The alternatives that are to be simulated must dterghined.
Which alternatives to simulate may be a functionrafs. For each system design,
decisions need to be made concerning: the lengtheohitialization period, the length of

simulation runs, the number of replication to bedmaf each run, etc. (Banksal, n. d.).

i. Production runs and analysis. This is use to estimate the measures of performfmce

the system designs that are being simulated (Betrdds n. d.).

j. More runs. Based on the analysis of runs that have been coedplehe analyst
determines if additional runs are needed and whaigd those additional experiments

should follow (Bankt al, n. d.).

k. Documentation and reporting: There are two types of documentation (Baaksl, n.

d.): (@) program documentaticend (b) process documentation

Program documentation can be used again by the sadifferent analysts to understand how the
program operates. Further modification will be easiModel users can change the input
parameters for better performance. However, prodegsimentation gives the history of a

simulation project. The result of all analysis ddobe reported clearly and concisely in a final

report. This enables reviewing the final formulatiand alternatives, results of the experiments
and the recommended solution to the problem. Tired feport provides a vehicle of certification

(Bankset al, n. d.).

[. Implementation: If the model user has been thoroughly involved anderstands the
nature of the model and its outputs, the likelihafda vigorous implementation is
enhanced (Bankest al, n. d.).
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Simulation Softwares
According to Banket al, (n. d.), Simulation software is categorized into

a. General-Purpose Programming Languages:. These are flexible and familiar and well
suited for learning Discrete Event System Simutapanciples and techniques (Bardds

al., n. d.). Examples are: C, C++, Java and Visual®sdet (Bank®t al, n. d.).
b. Simulation Programming L anguages. These include GPSS, SIMAN, etc.

c. Simulation Languages (Simulation Environments): These simulation environments are
good for building models quickly. They provide il features (e.g., queue structures),

graphics and animation. Examples are Arena, AutomtmdBankst al., n. d.).
According to Banket al, (n. d.), simulation software is selected basethe following factors:
a. Model building feature
b. Runtime environment

c. Animation of layout features

o

. Output features

@

Vendor support and product documentation
Visual Basic.Net

Visual Basic.NET evolved from BASIC (Beginner's Aurpose Symbolic Instruction Code).
Visual Basic appeared in 1991. Although Visual Basiderived from the BASIC programming
language, it is a distinctly different languagettbfiers such powerful features as graphical user
interfaces, event handling and access toMmedows 32-bit Application Programming Interface
(Win32 AP), object-oriented programming and exception hagd(Deitel, Deitel, & Nieto).
Visual Basic .NET is an event-driven, visual pragnaing language in which programs are
created using aintegrated Development EnvironmgtDE) (Deitel et al). With the IDE, a
programmer can write, run, test and debug Visuasi®grograms conveniently, thereby
reducing the time it takes to produce a workinggpam to a fraction of the time it would have
taken without using the IDE (Deitelt al). The process of rapidly creating an applicatien i
typically referred to aRapid Application Development (RA@eitel et al). Visual Basic is the

world’s most widely used RAD language (Deigtlal). The advancement of programming tools
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and consumer-electronic devices created many clygte (Deitelet al). Integrating software
components from diverse languages proved difficanig installation problems were common
because new versions of shared components wermpatile with old software (Deitet al).
Developers also discovered they needed Web-bagdidatpns that could be accessed and used
via the Internet. As programmable devices, sucheasonal digital assistant®®DAs) and cell
phones grew in popularity in the late 1990s, thedrfer these components to interact with others
via the Internet rose dramatically (Deigtlal). As a result of the popularity of mobile election
devices, software developers realized that theantd were no longer restricted to desktop users
(Deitel et al). Developers recognized the need for software ssiigle to anyone from almost
any type of device (Deitat al).

To address these needs, Microsoft announced thedidtion of the Microsoft.NET
(pronounced “dot-net”) strategy in 2000 (Dei&tlal). The .NET platform is one over which
Web-based applications can be distributed to eetyanf devices (such as cell phones) and to
desktop computers (Deitelt al). The .NET platform offers a new programming motheit
allows programs created in disparate programminguages to communicate with each other
(Deitel et al). Microsoft has designed a version of Visual Bdsic.NET (Deitelet al). Earlier
versions of Visual Basic did offer object-orientedpabilities, but Visual Basic .NET offers
enhanced object orientation, including a powerituidry of components, allowing programmers
to develop applications even more quickly (Deiglal). Visual Basic .NET also enables
enhanced language interoperability: software coraptsnfrom different languages can interact
as never before (Deitat al). Developers can package even old software to wotlik new
Visual Basic .NET programs (Deitet al). Also, Visual Basic .NET applications can intdrac
via the Internet, using industry standards, suckthasSimple Object Access Protocol (SOAP)
and Extensible Markup Language (XML) (Deitet al). Visual Basic.NET is crucial to
Microsoft’s .NET strategy, enabling existing Visugdsic developers to migrate to .NET easily
(Deitel et al). The advances embodied in .NET and Visual BaSET. will lead to a new
programming style, in which applications are crdat®m components calleWeb Services
available over the Internet (Deitel al). For this research work, we have used Visual BHsit
the 2010 edition.
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Review of Related Works

Conte, et al, (1980) did an excellent job on numerical analysnd programming aspect of it
when they made uses of FORTRAN IV programming lagguto make a comparison between
analytical method of solving numerical iteratiom&l @rogramming method of solving numerical
iterations and came up with a conclusion that @egning method of solving numerical
iterations using computer was faster than usindyacal method and saved time with a very
negligible errors or no errors incurred at all. et al, (1980) made uses of FORTRAN IV
programming language, which is text-based. Texetbdanguage does not allow users to work
directly with graphics. This is one disadvantagds/whe use of FORTRAN IV programming
language is not considered for use in this researctk, rather Visual Basic programming

language was chosen (Hassh@al, 2006).

Hassan.et al (2006) applied Visual Basic 6.0 to simulate somemerical iterations. Azizu
(2015) also applied Visual Basic 6.0 to simulatmscelementary mathematics. However, both
their designs have an interface which ais not Ugydeasing and interactive as the one we are
proposing. Moreover, Visual Basic 6.0 is now a tggaoftware, meaning that Microsoft has
since relinquished its support for Visual Basic é€grated Development Environment and
programs created using Visual Basic 6.0 are notpadilvie with Microsoft’'s current operating

systems.

2. THE PROPOSED SIMULATOR

The proposed simulator is an enhancement to th& afoAzizu (2015). The proposed simulator

uses Visual Basic 2010. The screenshots of theopeapsimulator are presented below:

Simulation of flementaty cflathematics

Designed by
Faisal Ali Garba
P145CMTE048

Figure 1: Splash Screen
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Figure 2: Log- in Screen
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Figure 3: Home Page Screen
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Figure 4: Simultaneous Equations Function
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Figure5: Mean, Variance and Standard Deviation Function
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As the program is invoked, the splash screen wspldy after which the log in screen comes up.
The user is asked to enter a username and a passivbie log in details is right, the home page
displays. The home page enables the user to selgcmnathematic simulation of his choice to

execute.
M ethodology

The methodology followed by this research is thpeexnental method, which is quantitative in

nature. The method is when we change the extematomment or create various research
scenarios by combining the entities that have expecharacteristics (Kaptan, 1998). We

studied the effect of using our proposed simuléddooost the academic performance of Junior
Secondary School Students 2 (JSS2) students keriigdptt equations, quadratic equation, mean,
variance and standard deviation. A JSS2 class dftd@ents from a public school was chosen
and split into two. The participants from each gravere chosen randomly. One half is taught
using the classical method and the other half ocopgsed simulator. The academic performance
of the students had been analyzed before and tatiehing. A mathematical performance test
had been used as pretest and posttest to checkdtigematical performance of both the

experimental and the control group.

To determine the equivalence of the two differenugs, their mathematics pretest scores were
compared. Having established their equivalence,groap was randomly taken as the control
group and the other the experimental. The averagees of the performance test carried out
before teaching the two groups was seen to be ttosach other. The mathematical test was
used to measure the mathematical performance dttiteents. The test had 20 multiple choice

guestions and was prepared by the researchers.
I mplementation

Ten days before teaching, a pretest was conductiet texperimental and control group students
in the same day and at the same hour. This was mooeder to analyze and establish the
equivalence of the two groups in terms of matherahtperformance and their level of

knowledge of the students prior to teaching thacwpThe lessons of the both groups were
conducted by the researchers throughout the pesmds to provide the same content to both

groups.
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The students in the experimental group were exptsdte proposed simulator during the 60
hour period inside a computer laboratory. After tteaching period had elapsed, the
mathematical performance test, which was used etegir was now conducted as a post-test.
The effect of the proposed simulator was evaludtedomparing the results obtained with the

pretest results.

Item analysis was carried out using ITEMAN analgzgoftware so as to calculate the reliability
of the mathematical performance test. A t-testtfas independent samples was performed to
analyze the quantitative data collected. SPSS aoftwas then used to determine whether there

was a significant difference between the two graatpghe significance level of 0.05.
Result and Evaluation

To determine whether there was a major differeretevéen pre-test and post-test mathematical
performance, the average scores of the experimgrdap and control group were analyzed by

using a t-test for independent samples. These saeshown in the Table 1 below.

Table 1. The analysis of the difference between pre-tedt@ost-test mathematical performance

scores of the students in experimental group

Test Pretest Posttest
N 23 23
p 6.21 6.91
S 2,25 2,27
T 10,948 10,948
Sd 22 22
P 0,000 0,000

scores of the students in control group

Table 2. The analysis of the difference between pre-tedtpst-test mathematical performance

Test Pretest Posttest
N 23 23
x 6.91 13.47
S 2,57 3,28
t 12,322 12,322
Sd 22 22
p 0,000 0,000
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Table 3. The analysis of the difference of mathematicalfqyenance scores between

experimental and control groups before teaching

A. Group B. Experimental C. Control
D. N E. 23 F. 23
G. x H. 6.21 . 6.91
J. S K. 2,25 L. 2,57
M. T N. 0,975 0. 0,975
P. Sd Q. 44 R. 44
S. P T. 0,335 U. 0,335

Table 4. The analysis of the difference of mathematicalfqyenance scores between

experimental and control groups after teaching

Group Experimental Control
N 23 23
x 16.65 13.47
S 4,55 3,28
T 2,708 2,708
Sd 44 44
P 0,010 0,010

From the above results in Table 1, it could berfeseen that the mathematical performance
pretest average score of the experimental grougests is x = 6.21 and the mathematical

performance post test average score is found ie be= 16.65 in Table 4. It can also be seen
that the experimental group students’ average sumaned from the mathematical performance
post-test is higher than the average score of giretehas been found that there is a great
difference between mathematical performance ptegesres and mathematical performance
post-test scores of the control group [t(22) =48;%< .05], according to the t-test result carried
out to determine whether there is a major diffeeebetween mathematical performance pre-test
and mathematical performance post-test of the @xpetal group students. This result has
revealed that there is a major increase at theopednce level of the experimental group

students as a result of the teaching.

From the above results in Table 2, it could be rtfeseen that the mathematical performance
pretest average score of the control group studentsx = 6.91 and the mathematical
performance post test average score is found ie be= 13.47 in Table 4. It can also be seen

that the control group students’ average scoreimddafrom mathematical performance post-test

KUTEJ 2017: www.kutej.edu .ng 23 of 133



is higher than the average score of pre-test. $theen found that there is a great difference
between mathematical performance pre-test scordsnathematical performance post-test
scores of the control group [t(22) =12,322; p<],.@&cording to the t-test result carried out to
determine whether there is a major difference betwmathematical performance pre-test and
mathematical performance post-test of the controlg students. This result has revealed that
there is a major increase at the performance lefvéie control group students as result of the

teaching.

To determine whether there is a major differende/éen the average scores of the experimental
and control group students in the mathematicaloperdnce test before (pre-test) and after (post-
test) the teaching period were analyzed using-testtfor independent samples, as shown in the
Table 3 and Table 4.

From the results in Table 3, it could be seen thatmathematical performance before teaching
average score of the control group students #$6.91 and the mathematical performance before

teaching average score of the experimental grofipuisd to be isx = 6.21. It can also be seen
that the control group students’ average scoreimddafrom the mathematical performance test
before teaching was higher than the experimentalgstudents. It has been found that there is
no great difference between the average score @ggtoups [t(44)=0,975; p> .05], according to
the t-test result carried out to determine whethere is a major difference between and before
teaching average scores of the experimental andlot@noup students. This result has revealed
that the performance level of the experimental gretudents and that of the control group

students before teaching are equivalent to eaar.oth

From the results obtained in Table 4, it is seat the control group students’ average score
obtained from the mathematical performance test dfte teaching period was calculatedas (
=13.47) while the experimental group students’ agerscore from the same post-test was
calculated asx =16.65). The average score of the experimentaligrstudents from the
mathematical achievement test after the teachimipges higher than the control group
students’. According to the t-test result carrieat ¢®0 determine whether there is a great
difference between the post-test average scoreeogéxperimental and control group students, it
is found that there is a great difference betwele@ &verage score of the two groups
[t(44)=2,708; p< .05]. Based on these findingscah be said that the difference between the
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mathematical performance scores of the experimamtdlcontrol group students is in favor of
the experimental group students. This has consdéguesvealed the impact of our proposed
program that simulates elementary mathematics thwaosting the mathematical performance

of students.
Conclusion

This proposed program will go a long way in enhagcthe mathematical performance of
students when utilized to teach them mathematiasilllalso serve as computer-aided learning,
whereby the students can learn a lot with the &i@ computer program alone. It is highly
recommended to schools to incorporate mathemasicalilation applications such as this to
make mathematics fun and easy to learn. As a futor&, we hope to add as many mathematics

simulations as possible to this work and possibiymerical iterations.
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